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This report by Aerocuca dan@facturing Corporation to the

George C. Marshall Space Flight Center, NASA-Huntsville,

&hbamﬂ, covers the work accomplished on Contract NAS8-
7155331 for :hg~ninth~¢a§enéar,month of the program,

October 1963,

The following items are tncluded:

1, Total Engineering hours expended during

;,,ggtoﬁer weré 181,

e rf21~;§g§9}5§qi§gfg%igeacfShield Panel Braze

" Quality ‘on Contract NAS8-6976.
. 73.7”Ahal§l£§u;;ig§;;i to Mefal and Core to
Metal Brade Voids for the 30M12571 Heat
Shield P?nel. ’
4., Repair Pfocedures.
5. Deflection characteristics of M-31

.

Insulation,
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'
HEAT SHIELD PANEL BRAZE QUALITY
METAL TO METAL AND CORE TO METAL AREAS

Brage discrepancies with respect to metal to metal and core to metal
(shear ties) defects are shown in Figures 1l through 6 for all of the
heat shield panels produced on Contract NAS8-6976., The extenf of

metal to metal or faying surface voids (FSV) fqr these panels expressed
as percentage of the total meta]l to metal braze areas varies from

«26% (%%%) for panel No, 3 (Fig.ﬁi) to 3% (%%6) for panel No, 5 and '
4%, (%%a) for panel No, 2 which exhibited the largest metal to metal

void area, Only one panel (No. 4) showed any core to metal defect which
congisted of light fillets between the core and the vertical leg of the’

zee séction edge member, As such, this condition would be acceptable;

however, the panel was scrapped for other reasons (excessive core to

facing voids), The analysis for the effect of such braze discrepancies
is given in the following section.

’
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ANALYSIS OF METAL TO METAL AND QORE
TO METAL VOIDS iN 30M12571 HEAT SHIELD PANEL

Core to Metal Voids

4a sq. in. where a is the length of th

The core to metal joint is assumed to carry the entire load. Since the

vertical leg of the Zee is 1" the total shear area for the panel is

( 1 in b} The ghear

(o] ifte/s 1n2 ghe

m
(o}

re 8.
qa al
a

load per inch of perimeter then becomes

ot
area. The core to metal attachment area for Type 4-15 core per square

or %i psi of wall

inch of surface would be 4 x 005 = ,020 in2 of shear area. The

shear stress on the Qraze attachment is:

The (shear atrength allowable for the ailver-copper-lithium braze alloy

is 15,000 pei at RT and 12,750 at 500" F (Ref: Convair Spec. FZS-4-162A).

2.7 air lcad plus 0.72 psi dynamic load (noise and vibration)

q = 1.0 air load plus 0.72 psi dynamic load (nocise and vibration)

Q
"
0

i

£, = 2050 and 1025 psi respectively

Thus for the worst condition the maximum void allowable 1is

2050

- 15000

x 100 -~ 85%
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Metal to Metal Voids - Short Leg of Zee Membé:

2

atl~ - LA v amm A - ~ —tr . P . .1 - -
LUE &EE WMUBL Ldili)y i © Ll palcs Lvau o &

tensile loadingwon the facing to short leg zee braze. The width of this
brate area is 0.875 and the total braze area is 4a - 3.5 (a = 48.35.
The panel load is qa? with the tensile stress in the braze given by

—z;s%~5—§ = 12.3q . Applying the worst loading condition

q = (2.7 + 0.72) = 3,42 psi. The stress in the braze is 42 psi. The
' 15000
braze tensile allowable is approximately 25,000 pei, = conse~

quently a very 1ar2e margin is present for this loading condition.

Metal to Hq§§1‘Voida - Loﬁg Leg of Zee Member

4

Where P

q

¥

£
J

A

Wﬁca fﬁo cogpositeweéze member (long leg of zee) and facing is bent byb

a shear }dla at point P the edge

p—

=TT

rotation is given by:
io. B2 L M . 4L4 x (.897)2

»03125 radians

2F1 2EI 2 x 29 x 100 x 1.84
= % aq lbs/inch
= 48.3

- (2,7 + 0,72)w3.42 psi

The stress in the braze is:

MC " 2E1Q
= Yﬂ where M = %—L
. 2EQC 2 x 10.2 x 10% x .03125 x .019 . 13 500 pst
B .897
@
o
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Since the braze must withstand the shearing force resulting from the
bending the 13.500 nai value may he compared wirh tha hrase sheayr

allowable namely 15,000 psi. Actual values however for the silver-

copper-lithium braze alloy are 19,600 psi (RT) (Ref: Convair Spec.

With the panel edge secured by means of bolts to, the support beam
flanges the princibal concern with voids between the fating and.zee
occurs when the facing_expériences a compression loading resulging from
bending of the ,06" thick composite edge member (flight condition
loading). As a'rggulc the facing would tend to buckle in unb;azea

arsas so that voida might propagate into the core to facing areas;-
partdculnrly, if core to facing voids near the edge memhera were preuent.
thre no core to facing voids near the panel edge are present, metal to
metal void propagation is unlikely since the panel edge rotation 13 very

small, As a consequence, t or extenaive

buckling in metal to metal voided areas will not be produced,

FM80036). - , o o
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REPAIR METHCDS FOR METAL TO METAL VOIDS

Repair methods applicable to metal to metal braze voids include:

a, Mechanical lasteners--Fither blind or countersunk rivet fastcners

depending on the void location and interference requirements may

be used, A recommended fastener is the DuPont Aircraft Blind
Expansion Rivet (PN Scries) of low carbon nickel alloy. This
fastener is available with either a modificd brazier head or

100% flush head., Expansion of the rivet shank is accomplished by
applying a hecated tool to the rivet head which activates the sealed
internal chemical charge. This tvpe of rivet has been widely used
tor applicable brazed panel repairs with complete success. Certain
NASA test panels produced on Contract NAS8-6G76 were repaired using
this type rivet, as shown in Figure 7 . Repairs to voids in either

the short or long leg of zee member can be readily accomplished

¥

with thig fasrening svstem both in the fieid as well as bv the

panel fabricator.

b, Spot Welds--This joining method has been uscd for metal to metal
repairs where the area to be repaired is accessihle; i.e., the long
leg of the zee and the faying suriaces are sufficiently clean
(unoxidized) so a sound nugget can be formed. As a cousequence,
this method is limited with respect to void location and equipment

availability,
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v

o T : 1 ¥ .- . , ) )
usion Weldine : a me t < qe s . ¢ bLetwe S .
Fusion Welding--Applicaile to metal to metal voids between loung log

of zee and tacing that extend the full width {edyge to od
Essentially a burndown weld is performed which joius the facing
and cdge member. The presence of silver brazing alloy in the
fusion zone is not detrimental to the joiut; lowever, it does
cause some difficulty because of the tendency to "blow out". Con-
sequently, a complete void condition is preterved for this tvpe

of repair,




(2




FORM 4040
(FORMERLY EN-)2)

rEPARED B DYP AERONCA MANUFACTURING CORPORATION race 14
MIDOLETOWN, OHIO

CHECKED BY REFORT ER-741

APPROVED BY CJG R&D OF S-1C HEAT SHIELD PANELS aCTION

[ 4

REPAIR METHODS FOR CORE TO METAL (SHEAR TIE) VOQIDS

Repair for core to metal or shear tie voids consists of injection of a
foam type adhesive through holes drilled in the vertical leg of the zee,

curing the adhesive and plugging the drilled holes with a sealer or

potting compound,

The detail requirements are:

a. Clean surtace (MEK) and lay out hole pattern using 1.0" liole

spacing and drill holes (No. 50 drill).

b. Inject via a lever type gun Thermoc-Foam 607, Type 1 (lexcel
Products), Cover holes with one layer masking tape, reopen
holes and add another laver of type over same area (po> holes).
This provides an expansion area for the adhesive to tlow into
during the curing,

c. Attach thermocouple(s) to the area to be repaired and cure in
oven at:

180°-190 F for 25-30 min. followed by
225 -240- 1 for 50-60 min, followed by
3259350 F for 25-30 min,

d. Reopen holes used for injection to a depth of approximately

0.1" and seal with Silastic RTV.

®

REVISIONS
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BRAZE QUALITY STANDARDS
FOR METAL TO METAL AND CORE TO METAL JOINTS

Thé;;éiaxim{;m sizes of metal to metal and core to metal braze voids
rc@wndo’dwrifor acceptance "as is" are given in Table ¢/ . These
size and apacin

{viral atandards
irical stancar ds

modified for the 8-1C heat shield panel requirements.

¢
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WITH STAINLESS STEEL HONEVCU™Y REINTORCLMENT

DEFLECTION CHARACTERISTICS OF .31 INSULATION

A}

An important consideration in the use of ceramic materials for heat

shield: panel applications is the deflection allowable; i.e;, the amount

~ &
ure o1

of handing rhe com th

stand before fa the

41
- S
ceramic occurs from the resultant tensile stress. The deflection

characteristics of M-31 were recently determined by Aeronca as part of the

S-1B heat shield panel program (Contract NASR-4016) and are included as

pertinent design information.

. fo e \ Sy
The test arrangement employed, shown in Figures 8 and 9, utrilized a

3'"x]15" specimen with two point loading,

Specimen configuration was a
1.02" thick load bearing panel with 0,250" thick 8.15 open faced core
deformed to about 0.2" in height, M-31 thickness was 0.3"., The test

data is given in Table .2,

The radius of curvature for the deflection at which failure occurred may

be calculated by

C 2
R B where C = chord length
2H H : deflection
7 2
R ij__ = 418 inches
.029

For the 30ML2571 panel using the 4! deflection allowable, the corresponding

A S
radius of curvature is:
48,3 2
R 2 = 583 inches
1

REVISIONS:
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Therefore, the safety factor with regard to the deflection produced

01
cracking of the M-3]l is approximately ;IB or 1.38.
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"

TEST PANEL FABRICATION AND TEST PLAN

Test panels 20"x30"x1,02" thick consisting of Type 4-15 core

1.0" thick and 0.010 facings both of PH 15-7 Mo alloy silver

brazed are currently

3
o
1]
S
=3

The test panels containing holes représentative of the largest
size instrumentation mounting requirements 3/4" diameter and about
2" diameter will be subjected to a bending load by means of a
partial pressure applied to the panel via a vacuum box fixture

(Fig, 411 ). This type of loading and panel support simulates

e} mounting and air losds and is expected to

be less costly than the simple beam type bending fixture inmitially

' proposed. Stress concentrations around the openings will be deter-

mined using stresscoat while the magnitude of the stresses will bLe
determined with strain gages, The tests will be conducted at room

temperatures,
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